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Stratify Risk Prior to Infra-inguinal Bypass Surgery
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P. M. Lamont
Vascular Studies Unit, Bristol Royal Infirmary
Objectives: to investigate the relationship between calf vessel run-off assessed by hand-held Doppler, graft patency and
patient survival following infra-inguinal graft surgery.
Design: prospective cohort study of 258 consecutive patients undergoing infra-inguinal bypass grafts in one centre between
1995±99.
Materials and methods: ankle Doppler auditory waveform characteristics were documented for patients considered for
infra-inguinal bypass grafting. Doppler signals from the anterior tibial, posterior tibial and dorsalis pedis arteries were
scored triphasic/biphasic (2), monophasic (1) or absent (0). A total Doppler run off score (0±6) was calculated. Following
surgery graft surveillance was undertaken using duplex ultrasound at 6, 12, 26 and 52 weeks. Graft and patient survival
were analysed using Cox regression analysis.
Results: overall primary assisted graft patency at one year was 80%. With an increasing Doppler score from 0 to 6,
primary assisted graft patency steadily rose from 50% to 100% (p 0.0002), accompanied by a steady fall in patient
mortality from 50% to 5% (p 0.0003).
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Calf vessel run-off is an important determinant of
infra-inguinal bypass graft success.1,2 Poor run-off
and particularly occlusion of the pedal arch are asso-
ciated with increased risk of graft failure.1
Adequacy of calf vessel run-off is therefore an
important factor when making the decision to op-
erate. This is usually assessed from preoperative
arteriograms, where the presence and flow of
contrast in calf vessels can be visualised. However
arteriography may be unreliable when there is under-
filling of calf vessels distal to an arterial stenosis or
occlusion. These vessels may not be clearly demon-
strated on arteriography, and calf vessel run-off
therefore underestimated.2,3
Ultrasound is capable of detecting calf and pedal
vessels not demonstrated on arteriography and
the techniques of pulse generated run-off (PGR),Presented at the Young Vascular Surgeons Forum at the ESVS2001
meeting in Lucerne.
Please address all correspondence to: A. H. R. Stewart, Research
Fellow, Vascular Studies Unit, Level 7, Bristol Royal Infirmary,
Bristol, U.K.
1078±5884/02/060500  05 $35.00/0 # 2002 Elsevier Science Ltd. Adependent Doppler and duplex ultrasound have all
been advocated in the pre-operative assessment of
run-off.4±6 Duplex ultrasound may accurately identify
a vessel's suitability for distal anastomosis6 and in
some centres bypass grafts have been successfully
carried out using duplex ultrasound mapping alone.7
Hand-held Doppler is used routinely in the out-
patient department to assess ankle±brachial indices.
In addition to the detection of Doppler signals, wave-
form characteristics can be described as monophasic
or biphasic/triphasic. In common with the techniques
of duplex ultrasound, dependent Doppler and PGR,
hand-held Doppler assessment of calf vessels during
ankle±brachial pressure measurement has also been
shown to be superior to arteriography in the detection
of patent calf vessels.3
Unlike the more advanced ultrasound techniques
this information is readily available at the initial out-
patient assessment when risks of intervention are dis-
cussed and early management decisions made. The
purpose of this study was to assess the relationship
between hand-held Doppler scoring of run-off at the
initial out-patient assessment and subsequent clinical
and graft outcome, and to determine whether thisll rights reserved.





surviving to 1 year
(% patency)
Indication
Claudication 93 (36) 75 (88)
Critical ischaemia 114 (44) 49 (68)
Popliteal aneurysm 29 (11) 25 (93)
Other 22 (9) 7 (64)
Outflow
Above knee popliteal 104 (40) 72 (89)
Below knee popliteal 101 (39) 58 (81)
Distal 53 (21) 26 (62)
Graft material
Vein 170 (66) 115 (85)
PTFE 83 (32) 41 (72)
Other 5 (2) 0 (0)
Doppler Run-off and Infra-inguinal Grafts 501technique could be used to provide an objective as-
sessment of operative risk at this preliminary visit.
Materials and Methods
Ankle Doppler signal characteristics were assessed
at the initial out-patient visit, as part of routine
ankle±brachial pressure measurement at one centre.
All Doppler signals were assessed, using a hand-
held continuous wave Doppler probe with the
patient lying in a supine position and the probe held
to obtain an optimal angle of insonation. Vascular
assessments were performed by trained vascular tech-
nologists, who were trained specifically in signal rec-
ognition prior to the commencement of this study.
The presence or absence of signals from the anterior
tibial, posterior tibial and dorsalis pedis arteries were
documented. If a Doppler signal was present the
auditory characteristic of this signal was described as
monophasic, biphasic or triphasic depending upon
its audible waveform characteristic. A monophasic
signal is composed solely of antegrade flow whereas
biphasic or triphasic signals reflect both antegrade
flow during systole and retrograde flow in early dia-
stole. In a triphasic signal there is also a third com-
ponent composed of late antegrade diastolic flow.
Using this method, signal characteristics from the
calf vessels and pedal arch were determined and
a simple limb Doppler score developed. Absent sig-
nals were given a score of 0, monophasic signals
a score of 1, and triphasic/biphasic signals a score
of 2. The scores for posterior tibial, anterior tibial and
dorsalis pedis arteries were added together to give a
total score for each limb 0±6.
Patients who subsequently underwent infrain-
guinal bypass surgery, entered a program of graft
surveillance with visits at 6 weeks, 3, 6, 9 and
12 months. At each of these visits the status of the
graft was assessed using duplex ultrasonography
and any interventions or re-interventions recorded.
Primary assisted graft patency at one year was
determined for patients surviving, and successfully
followed up to one year. The relationship between
preoperative hand-held Doppler run-off score, graft
material and site of distal anastomosis and subse-
quent graft outcome and patient mortality was deter-
mined using Cox regression analysis. All statistical
analyses were performed using SPSS 10.0.5 software.
Results
Between January 1995 and October 1999, 235 patients
underwent 258 infrainguinal bypass grafts.The median age of patients was 71 years (IQR
64±76). The majority (67%) of patients were male.
Indications for surgery were claudication (36%), crit-
ical ischaemia (44%), popliteal aneurysm (11%),
acute ischaemia (2%) and other (6%). One hundred
and four grafts were to the above knee popliteal artery,
101 grafts to the below knee popliteal artery and
53 grafts to cruropedal vessels. Vein was used in
170 operations, PTFE in 83 operations, fluoropassive
in 2 operations, and dacron in 1 operation. There were
2 composite grafts, both composed of dacron and vein.
During the first year of follow-up 35 patients with
37 grafts died, and 2 patent grafts were removed due
to graft infection. Of the remaining 219 grafts, 195
(89%) were successfully followed up to one year.
Overall primary assisted graft patency at one year
was 80% and secondary patency 83% (Table 1).
Doppler run-off scoring
Doppler scoring was obtained for 82% of the patients
who subsequently underwent infra-inguinal bypass
grafting. Doppler scores were not obtained for
patients presenting with acute ischaemia or arterial
trauma. The median Doppler score for all patients
was 2 with a range of 0±6. The median Doppler score
for patients presenting with critical ischaemia was
2.0 (IQR 1±3), compared with 3.0 (IQR 2±3) for
patients with intermittent claudication (p5 0.001
Mann±Whitney U test).
An increasing Doppler score was associated with
a steadily increasing mean primary assisted graft
patency at one year and a steady reduction in patient
mortality at one year. There was no significant differ-
ence in the number of secondary interventions inEur J Vasc Endovasc Surg Vol 23, June 2002
No significant relationship was demonstrated
between patient survival and either graft material
(p 0.15) or site of distal anastomosis (p 0.65).
Fig. 1. Doppler score and patient survival.
Fig. 2. Doppler score and graft outcome.
Fig. 3. Doppler score, patient and graft survival.
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Using Cox regression analysis we investigated the
relationship between Doppler run-off score, graft
material, site of distal anastomosis and subsequent
graft patency and patient mortality. There was a
highly significant relationship between Doppler
score and both graft survival (p 0.0002) and patient
survival (p 0.0003). Where patient mortality and
graft occlusion were both considered as outcome
events this relationship became even stronger
(p5 0.0001) (Figs 1±3).
Primary assisted patency for above knee grafts
was significantly greater than below knee or crurope-
dal grafts (p 0.001) and vein grafts were associated
with a higher primary assisted graft patency rate than
PTFE grafts (p 0.015) (Table 1).Eur J Vasc Endovasc Surg Vol 23, June 2002Discussion
Quantifying the risk of an operative procedure is im-
portant both for the surgeon making the decision
whether or not to offer bypass surgery and for the
patient who needs to be fully informed of the risks
of a proposed procedure.
Increasingly, management options are discussed
at an early stage in the assessment of patients, with
full discussion of the risks and benefits of surgical
intervention. In the case of infra-inguinal bypass sur-
gery two of the most important risks are those of
graft failure and mortality.
In addition to calf vessel run-off, a number of
other factors have been identified which are asso-
ciated with worse graft outcomes. The site of distal
anastomosis is a key determinant of subsequent graft
success. Although excellent patency rates have been
reported in series of distal grafts, the outcome for
grafts with distal anastomoses below the knee is
generally poorer than for those grafts to above knee
vessels.8 Graft material is also an important determin-
ant of outcome with vein grafts having an advantage
over prosthetic grafts.9,10 In common with other
reported series, the outcome for above knee grafts
and vein grafts in this cohort was superior to that of
distal grafts and PTFE grafts.
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outcome than grafts undertaken for symptoms of
intermittent claudication. This is probably a reflection
of the fact that these patients have more extensive
arterial disease with poorer run-off and is reflected
in the Doppler score for each of these groups.
Patients with more extensive peripheral vascular
disease also have a higher mortality. Epidemiological
studies have demonstrated a significant association
between ankle±brachial pressure index and patient
mortality.11 This increase in mortality is thought to
be due to more extensive coexisting cerebrovascular
and cardiovascular disease with decreasing ankle
pressure.
This study provides evidence that assessment of
run-off using the hand-held Doppler signals of ankle
and pedal vessels can predict the risk of graft failure
and patient mortality. Primary assisted graft patency
increases steadily with increasing Doppler run-off
score. In this series a score of 4 or greater (i.e. a bipha-
sic signal in at least one of the vessels) was associated
with 100% graft patency at one year compared to
a patency of 50% when the score is 0. This increase
in graft patency accompanies a steady fall in patient
mortality from 0% with a score of 4 or more, up to
50% with a score of 0. Patients with a Doppler score of
0 were identified as a group with particularly high
risk of graft failure and mortality within one year of
surgery, when only 20% of the patients were alive
with a patent graft.
Hand-held Doppler is used routinely in the out-
patient clinic to determine ankle±brachial pressure
indices. Assessment of Doppler signal characteristics
is simple and can be performed as part of this ankle±
brachial pressure measurement without the need for
any additional equipment or specialised training.
Using dependent Doppler and pulse generated run-
off techniques, the hand-held Doppler has previously
been shown to be effective in identifying patent
vessels not shown on arteriography3,5,12 and in pre-
dicting subsequent graft success.1,13 This study
demonstrates that auditory characteristics of hand-
held Doppler signals assessed during ankle±brachial
pressure measurements at the initial out-patient visit
is significantly associated with subsequent graft and
clinical outcome. Using a score based on hand-held
Doppler signals recorded during ankle±brachial pres-
sure measurements, the risk of graft failure and the
risk of death following bypass surgery can thus be
assessed objectively at this initial outpatient visit. Re-
cently duplex ultrasound and magnetic resonance
angiography have been advocated as non-invasive
alternatives to arteriography in assessment of patients
prior to bypass surgery.These techniques have been shown to be capable of
accurately identifying the best patent vessel for distal
anastomosis, when planning bypass procedures6,14
and for demonstrating patent vessels occult to arter-
iography, to which bypass grafts were successfully
performed.15 Use of hand-held Doppler to determine
run-off in the out-patient clinic, combined with du-
plex ultrasound or magnetic resonance angiography
to plan the bypass procedure in selected patients,
provides a non-invasive alternative to arteriography
for the assessment of patients considered for bypass
surgery.
Conclusions
Simple scoring of run-off, using hand-held Doppler
signal characteristics of cruropedal vessels predicts
graft patency and patient mortality over the first
year following bypass surgery. This may provide
a means of stratifying operative risk for infra-inguinal
bypass surgery when counselling patients in the out-
patient clinic.
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